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Motivation 
•  Share	our	experience	in	developing	four	entry	system	
technologies	and	the	lessons	learned.	
§  These	technologies	are	primarily	funded	by	the	GCDP	
Ø  SMD	and	Orion	have	been	partners	and	stakeholders		
§  Success	and	mission	infusion	in	some	and	challenges	with	others.		
•  Observa1ons	on	fostering	a	culture	of	success	and	on	
constraints	that	limit	greater	success	are	addressed	
•  It	is	hoped	that	our	experience	and	observa1ons	can	help	
current	and	future	technology	development	projects.		
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Technology Development at NASA  
(2010-2012)"
•  Bobby	Braun	was	appointed	as	the	NASA	Chief	
Technologist	(Feb.,	2010)	
§  Recognized		very	liZle	seed	corn	is	le[	at	NASA	and	
new	investments	have	to	be	made	
•  Space	Technology	Mission	Directorate	created	(Feb.,	
2013).		
§  Vision:	“STMD	rapidly	develops,	demonstrates,	and	
infuses	revolu1onary,	high-payoﬀ	technologies.”						
§  Game	Changing	Development	Program:		
Ø  “With	Game-Changing,	we’re	looking	at	a	two-year	process	
of	gedng	the	TRL	from	3-5”	–	GCD	Program	Goal	
“We	intend	to	take	
considerable	risks'	
to	innovate”	–	
Bobby	Braun	
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Appropriateness	 Is	this	a	broad	technology	and	not	engineering/research?		
Relevance/Alignment	 Is	the	technology	aligned	with	Technology	Roadmaps,	Decadal	Surveys?	
Value	Proposi1on	 What	is	the	ra1o	of	the	poten1al	beneﬁts	of	the	technology	to	the	cost	to	
mature	the	technology?		
Leveraging/Partnering	 Is	the	stakeholder/partner	contribu1ng	resources?	
Customer	Advocacy	 Do	poten1al	end	users	recognize	the	beneﬁt	and	support	the	ac1vity?	
Development	Plan	&	
Infusion	Poten1al	
Is	the	ac1vity	well-planned,	with	appropriate	schedule,	budget,	advancement	
milestones,	KPP’s,	and	op1ons?	
Acquisi1on	Strategy	 Is	the	proposed	acquisi1on	strategy	the	most	eﬀec1ve	strategy	to	mature	the	
technology?		
Timeliness	 Is	it	cri1cally	important	that	this	investment	be	ini1ated	right	now?		
Maturity	 As	a	general	guideline,	GCD	ini1ates	investments	at	a	TRL	=	3	and	matures	the	
technology	to	TRL	=	5.		
Many	factors	used	during	selec?on	evalua?on	as	well	as	in	con?nua?on	decisions		
have	evolved	over	?me.		
A Synopsis of the Four EDL Technologies 
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Background	 Technology	 AGribute	
Conformal	 MSL	PICA	Experience	 Abla1ve	Material		 Enhancer	
3-D	MAT	 Orion	EFT	1	
EM1	Need		
Mul1-func1onal	Material		
(Abla1ve	TPS	and	Structure)	
Enabler	
Time	Cri1cal		
HEEET	 Carbon	Phenolic	atrophy;	
Saturn,	Venus,	Higher	
speed	Sample	Return	
Heat-shield	and	abla1ve	
TPS;		
Integrated	sub-system	
Enabler	
Time	Cri1cal	
	
ADEPT	 Human	Mars;	
	Venus	and	Outer	Planets	
	
Novel	Entry	System	 Game	Changer	
Time	Cri1cal	?	
Conformal		
3-D	MAT	ADEPT		 HEEET		
Flight	Ar?cle	
Post-tested	Arc-
Jet	Test	Ar?cle	
Observations and Lessons Learned 
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Focus the Development on Near-term  
Mission Needs – Critical for Mission Infusion "
•  Mission	usage	agreement	with	one	or	more	user(s)	or	agreement	with	Mission	
Directorates	as	early	as	possible	
§  Iden1fy	near	term	mission(s)	and	establish	requirement	early	and	working	with	users	
§  Perform	system	and	trade	studies	and	establish	technology	beneﬁts	early.	
§  Establish	success	criteria		-		Deﬁne	TRL	and	Matura1on	milestones	clearly	and	develop	
the	project	plan	based	on	the	user	agreement		
§  Independent	Review	and	repor1ng	of	progress	
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Establishing	Mission	Usage	Agreement	and		
Mee1ng	the	Commitment	are	Cri1cal	to	Sustaining	Support	
Technology	 Comment	
Conformal	 Mission	pull	(for	large	scale	applica1ons)	lacked.	NRSAA	with	a	small	company	at	small	scale.	
3-D	MAT	 Mission	usage	agreement	established	early	and	Orion	needed	the	technology.		Time	cri1cal	
HEEET	 SMD-PSD	as	partner	
ADEPT	 HEOMD.		Near	term	mission	pull	for	Venus	(NF)	vanished	with	the	developmental	success	of	
HEEET.		
Communicating Risks and Rewards"
New	technologies	have	signiﬁcant	unknown	risks	
§  Risk	is	both	percep1onal	and	real	
§  Competed	missions		and	directed	missions	both	are	concerned	with	infusability	
Ø  Risk	posture	and	schedule	needs	change.			
Mission	cri1cal/enabling	technologies	have	higher	percep1onal	value		
§  Informing	mission	planners	and	scien1sts	crucial	to	maintaining	the	advocacy	
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Comment	
Conformal	 Target	250	W/cm2	–		Current	capability	~1800	W/cm2;		~	40%	mass	eﬃcient	compared	to	
PICA.		Lack	of	partnership	with	near	term	missions	makes	large	scale	development	a	
challenge.		Ideal	for	a	small	company	to	license	the	technology.			Small	Probe	Flight	Test	in	
the	near	future.			
3-D	MAT	 Time	cri1cal	and	no	alternate	solu1on.	Mission	need	and	1mely	development	helped	achieve	
mission	infusion.	
HEEET	 Periodic	brieﬁng	to	OPAG,	VEXAG,	SMD-PSD,	STMD,	GCDP	and	NF/Discovery	proposal	teams.	
Accomplishments	to-date	show	signiﬁcant	robustness	and	mass	eﬃciency.	
ADEPT	 Human	Mars	a	viable	longer	term	target.		Venus	NF	was	a	near	term	target.		Development	of	
HEEET	as	a	compe1ng	concept.		Nano-ADEPT	has	high	poten1al	use.			
Frequently	communicate	progress	as	well	as	challenges.		
Partnerships for Project Success 
•  Engage	industrial	partners	as	early	as	possible.	
•  Mission	directorates	as	partners	–	Skin	in	the	Game.	
•  Stakeholders	as	Partners	-		
§  NASA’s	Small	Business	Innova1ve	Research	(SBIR)	program	
§  Sub-Orbital	Flight	Test	program	
§  Communi1es	such	as	VEXAG	and	OPAG	promote	mission	beneﬁts	
§  NASA	Centers,	JPL,	APL		-		resources	and	support	reviews		
10	
Well	Developed	and	Managed	Partnerships	Drive	Down	Risks		
Technology	 Comment	
Conformal	 TVA	as	a	partner	brings	ﬂight	data.			
3-D	MAT	 Orion	was	a	funding	partners.		Engaging	BRM	and	San	Diego	Composites	early	in	the	development	
resulted	in	mission	infusion	success.			
HEEET	 OPAG/VEXAG	community	support	and	recommenda1on	to	SMD-PSD.		SMD-PSD	support	during	
formula1on	and	project	execu1on	phase.		Unanimous	support	by	APL,	Goddard	and	JPL.			
ADEPT	 Early	focus	on	Venus	–	excellent	partnership	and	advocacy.	BRM	and	Thin	Red	Line	as	partners	via	
SBIR.	Flight	Test	Program	partnership	allows	leveraging.		
On Technology Maturation Timeline: 
Program Goal vs. Project Reality 
Truly	game-changing	technologies	with	uncertain	challenges	have	uncertain	
schedules			
§  We	plan	for	known	risks	–	discovery	of	new	risks	requires	addi1onal	1me	
§  Fluctua1ng	resource	commitments	adversely	impact	matura1on	1me	line.		
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Technology	 Planned	 	Executed	 Comment	
Conformal	 2+	 5+	 Annual	budget	-	uncertainty	and	unan1cipated	reduc1on	
3-D	MAT	 18	months	 30	months	 Technical	Challenges	in	weaving	and	resin	infusion	
HEEET	 4	years	 (4+)		<		5	 Progress	is	nearly	on	target	–	3	of	4	year	project		
ADEPT	 3	years	 5	+		 Annual	budget	uncertainty	and		unan1cipated	reduc1on	
•  Goal	of	(2-3)	years	for	GCDP	Projects,	while	commendable,	is	rarely	realizable.			
•  3-D	MAT	is	an	excep1on,	but	s1ll	needed	schedule	extension.		
Concluding Remarks 
Technology	Organiza1ons	must	and	need	to	take	risks	and	make	sustained	
commitment:	
•  Genuine	Game	Changing	Technology	development	is	extremely	challenging	
§  High	Reward	and	High	Risk	;	Longer	development	1me;	Low	end-user	
commitment;	
•  Technologies	that	are	focused	on	near	term	missions	have	a	beZer	chance	
•  In-depth	pre-formula1on	and	sustained	resource	commitment	is	needed	
Achieving	TRL	6	is	only	the	end	of	the	beginning		
•  Success	is	Mission	Infusion	and	sustained	commitment	is	needed	by	many	
§  Technology	must	be	sustained	well	beyond	TRL	6			
§  How	to	“Park”	the	technology	once	matured	to	TRL	6	?	
Ø  Requires	commitment	from	mul1ple	organiza1ons	(STMD.,SMD,	NASA	
Centers)	.	
12	
Thank	you	
13	
